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We have just developed a new type of eddy current inspection instrument. 
Microprocessor-based interactive video display, signal processing, and automatic 
data logging functions are combined in the NORTEC 30 EDDYSCAN. The 
EDDYSCAN name and the basic operating principles come from work done by 
Harrison of the Royal Aircraft Establishment at Farnborough, first published in 
1967 [1] and recently the subject of several patents. The battery powered 
portable instrument uses a rotating Hall effect scanner, and other novel 
inspection and imaging techniques to simplify in-place inspections for fatigue 
cracks in aircraft skins and structures. Advantages include reduced operator 
interpretation, inspection of many layers simultaneously, excellent accuracy and 
sensitivity, speed and simplicity of operation, no surface preparation required, 
and most importantly, inspections are conducted with ferrous or non-ferrous 
fasteners left in place. 
Radial position, approximate depth, and relative size of defects can 
quickly be determined in any layer, including the countersunk area hidden 
directly under a fastener head, to as deep as 7mm with non-ferrous and 13mm 
with ferrous fasteners. Digital image presentations include displays for quickly 
centering the scanner, presenting and analyzing data, and a special "MAP" 
display. This "MAP" presents data from many electronic "slices" down through 
the layers under inspection in a format similar to a contour map and provides 
for very effective flaw visualization (Figure 1). 
PRINCIPlES OF OPERATION 
Similarities with standard eddy current techniques are few. Interpretation 
of impedance plane displays or calculations of frequencies for standard depth of 
penetration are not required and, in fact, do not apply when using this 
instrument. Conventional eddy current testing techniques are based on 
continuous sinusoidal excitation signals detected with a relatively narrow-band 
pickup coil. Eddyscan technology, however, uses a wide band Hall-effect sensor 
to detect a square-wave "pulsed" excitation signal. 
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Figure 1 Eddyscan "MAP" of 2mm EDM notch in third layer of a 
riveted At-TI-At sandwich 4.5mm deep at 1400 
Each magnetic pulse provides essentially an infinite range of multifrequency 
excitation - analogous to sonar "pings". The pulses propagate through the 
material being tested producing eddy current patterns which modulate the 
magnetic pulse signals received by the Hall effect sensor. These received signals 
are analogous to sonar "echoes" and may be analyzed to determine flaw depth, 
angular position, and relative size. 
The velocity of propagation of electromagnetic pulses through any 
conductive material is many orders of magnitude slower than through vacuum or 
air and depends on frequency content. Lower frequency components propagate 
slower and higher frequency components propagate faster and are attenuated 
more quickly. Thus eddy current effects from layers close to any surface being 
tested appear earlier on the received "pulse" signal and effects from deeper in 
the material show up later (Figure 2). The first of Harrison's Eddyscan concepts 
uses this relationship between time delay and depth by "gating" the received 
signal, completely disregarding frequency and phase information and looking 
only at the time delay of any effects to the pulsed magnetic field. His 
assumption was simply that the shape of the magnetic pulse would be altered 
differently by eddy currents induced into flawed vs. unflawed samples and that 
the maximum difference would occur at a particular time after the start of the 
pulse dependent on the depth of the flaw. 
The Eddyscan system provides depth discrimination through an 
integrating "gate" that is positioned a selected time after the start of each 
positive going excitation pulse. A first-order approximation of the frequency 
selection of the gate may be made using the following assumptions: 
1. The excitation pulse is treated as an instantaneous step function, with an 
infinite number of sinusoidal waveforms that all begin at the start of the 
pulse. 
2. Each sinusoid is treated individually, and the point of maximum 
sensitivity is the point where the first return of the waveform reaches a 
peak after travelling a finite time through the material. This is a 
reasonable assumption, since attenuation damps the following peaks. 
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Figure 2 Relationship between flaw depth 
and timing of effects on a typical 
"pulse" shape . 
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Figure 3 Timing of sinusoid components 
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Figure 3 illustrates these concepts. T represents the position of the gate, 
while At represents the delay of the waveform travelling through the material. 
Thus, by finding the difference between the peak of a hypothetical 
excitation frequency sinusoid and the resultant signal after it has been delayed 
by travelling through the material at a finite velocity, we can define depth: 
d=vA t (1) 
where V equals the phase velocity for that frequency. 
Assuming the physics of eddy current generation is sufficiently unchanged 
by the methods of excitation and detection at these energies, we may try the 
standard depth of penetration (a) to estimate the frequency at which the signal 
is assumed to be maximum for a particular depth. For this case we know the 
relationship between A t and T to be: 
fl.t=E.. 11:+2 (2) 
In materials with a relatively high conductivity, the phase velocity is dependent 
on frequency and is approximated by equation 3: 
where 
v .. ~ 2<.> 
j.La 
<.> = 211:[ 
j.L • 411: X to-7 (HIM) in non-ferrous materials 
a = material conductivity (SIM) 
(3) 
We can now solve for the depth (d, in meters) of maximum sensitivity relative to 
gate time T: 
(4) 
Comparison of empirical results with this analysis is shown in Figure 4 for 
one of several tests with different aluminum alloys, using a multi-layer sample 
where a flaw could be moved to various depths and the gate adjusted to the 
point of maximum sensitivity. 
The other plots showed a similar reasonable correlation. However, the exact 
mathematical relationships between depth, frequency, and gate timing have yet 
to be resolved. In practice, however, we have found that pulsed eddy current 
effects from a particular depth can be isolated and detected by "gating" and 
analyzing the corresponding portion of the effected pulse. This is the function 
of each of four GATES available in the instrument. These GATES are defined 
by start and width values entered by the operator. The GATE settings are 
optimized by using a test standard with a known flaw depth, size, and 
orientation. 
2064 
E 
E 
.<: 
ii 
Ql 
0 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
--
----
~ 
--
~ 
/' ~ 
/~ 
T~ 
~ 
r? , 
'"' 
o 300 600 900 1200 1500 1800 2100 2400 2700 3000 
Time from Transient Start, microseconds 
I-a- Calculated Values --- Measured Values 
Figure 4 Measured vs Calculated Values, AI 7075-T-6 
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Figure 5 Scanner Internal Construction 
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In operation, a small ( 3.3" x 1.5" ) hand held scanner rotates a probe (fig. 
5) which consists of a miniature coil, a specially shaped ferrite core, and a Hall 
sensor which orbits the center of the probe. This Hall sensor is the second 
major departure from conventional eddy current techniques. Its advantage is 
broad band, relatively frequency independent, signal reception. 
Conventional techniques use a coil both to induce electromagnetic effects and to 
detect signals. Thus, both the energy induced and the voltage signals received 
follow Faraday's law of induction: 
€ = - d<p/dt 
The overall sensitivity to eddy current signals is therefore proportional to 
frequency squared or (d<p/dt)2. 
(5) 
Eddyscan's induced energies are frequency dependent as well, but the 
Hall sensor's received signal levels depend not on rate of change of the field but 
only on magnetic field strength, B : 
€ = K (Ie X B) (6) 
where K is the Hall sensor's constant and Ie is a constant control current. 
Therefore, when attempting to find deep defects which require very low 
frequency detection, Eddyscan's overall sensitivity only decreases proportionally 
to the drop in frequency instead of frequency squared. 
As the scanner spins the probe, a pulser drives the coil in the probe with 
a square wave voltage signal. This produces sharp edged magnetic pulses which 
excite the material around a fastener (or any point of interest) in a repeating 
circular pattern. This brings us to the third of Harrison's Eddyscan concepts, 
that of reducing the problem of flaw detection to detecting only the degree of 
circular symmetry around this test circle. The magnetic pulses provide discrete 
test points and the Hall sensor in the rotating probe provides a differential 
voltage signal proportional to the magnetic field strength for each pulse around 
this circular pattern. 
A fastener or fastener hole is not required to conduct a test. Cracking 
around or beneath spot welds or flaws beneath open areas may be easily 
detected with no need to center the scanner on anything. However, most 
applications consist of searching around the circumference of a fastener hole for 
fatigue or stress/corrosion cracking. Therefore, the remainder of this description 
will assume centering on a fastener or hole is necessary. 
The instrument displays the outputs from each of the gated pulses 
arranged one after the other in the form of a continuous line representing a 
complete scan around the circumference of the fastener hole. If there are no 
flaws and the scanner is perfectly centered, the signal amplitude is the same for 
each point and a straight, horizontal line is generated. Any discontinuity in the 
eddy current patterns generated from one pulse to the next will show as bump 
or curve in the displayed line. 
As shown in Figure 6, the signal from the edge of a hole or fastener is 
sinusoidal with phase and amplitude determined by the direction and distance 
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Figure 6 Signal from Off-Center Scanner 
between the center of the hole and the center of rotation of the scanner. This 
sine wave "off-center" signal is generated because the circular path of the Hall 
sensor in the spinning probe approaches and recedes from the edge of the hole 
in a near sinusoidal fashion (providing these changes in distance are small). 
In practice, it is not necessary to absolutely center the scanner because 
the "off-center" signal can be automatically subtracted from the display. This is 
accomplished using a simple FFf routine to generate Fourier coefficients from 
the raw waveform (actually 64 or 32 points) of one complete rotation of the 
probe. The frequency of this sine wave signal is known to be the rotation 
frequency of the scanner, permitting the instrument to recognize and subtract 
the coefficient of this fundamental frequency. Any remaining bumps in the 
display are due to discontinuities (flaws, edges; pits, etc.) in the circular 
symmetry around the center of the hole. Actually, because the frequency 
content of the flaw signal does include the fundamental, the flaw "bump" will be 
distorted unless its portion of the fundamental frequency is restored (Figure 7). 
Empirically derived algorithms do this restoration. 
The "off center" signal is not totally discarded. This information is also 
digitally processed to aid in positioning the scanner over the fastener. One of 
the four adjustable GATES is dedicated to this centering function (GATE C). It 
is filtered to reduce any influence from flaws and adjustable to allow centering 
at any depth. The "off center" sine wave amplitude and phase information is 
used to generate a target and cross hair display (upper left portion of screen 
shown in Figure 8) which allows quick centering without the use of guidelines, 
straightedges, or templates. 
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Figure 7 Removal of Off-Center Signal 
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Figure 8 Eddyscan Display Screen 
COMMENTS ON DEVELOPMENT 
Early test beds constructed by Harrison and by these authors were less 
than encouraging. We had good sensitivity to some things (nearby screwdrivers, 
edges, fasteners, and even the earth's magnetic field gradient) but not the defects 
we were attempting to find. Most of these effects were reduced when we 
developed a special ferrite core for the probe. Reducing the scanner size and 
weight eased the centering procedure. The use of modern digital and display 
hardware and development of new signal processing techniques produced an 
easy to use, effective instrument. Sensitivity is roughly twice as good (to depths 
of 7mm) as any existing commercial eddy current system. Cracks less than Imm 
long are relatively easy to detect in the first layer of aluminum, even when 
completely hidden under the head of a countersunk fastener. Flaws as deep as 
14mm may be detected through any number of layers joined by ferrous fasteners. 
The incorporation of low-power circuitry and display technology yields a total 
unit weight of 20 pounds and aIlows portable operation on internal battery for 8 
hours. 
Complete tests including automatic data logging and signal and alarm 
presentations for three layers of interest take approximately 5 seconds per 
fastener. Automatic signal processing and data logging functions allow one hand 
operation. Flaw detection and optional internal information storage for over 
2300 fasteners are accomplished using only the scanner button. 
Displays are in easy to read formats showing flaw signal strength versus 
angular location from 0 to 360 degrees around the test point. This SCAN 
display is located in the upper-right portion of Figure 8. Approximate depth 
information is also provided by an indication of which GATES have alarmed. 
Each GATE is preset to be most sensitive to a particular depth. 
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